Abstract. Reinforcement constrains of reinforcement applying on concrete mainly depends on three factors: the grade of concrete (elastic modulus), section reinforcement and loading time. The lower grade of concrete, the smaller reinforcement ratio, the longer loading time all make an obvious influence of reinforcement constraints on shrinkage and creep. The simplified calculation formulas of three physical quantities are given respectively and verified in this paper, which considered the above three factors. The three physical quantities are the influence coefficient of reinforcement on creep strain, the influence coefficient of reinforcement on creep curvature, and the influence coefficient of reinforcement on the creep deflection.
Introduction
For Reinforced and Prestressed Concrete, the reinforcement affected significantly on shrinkage and creep of plain concrete, though some standards neglect this effect, such as the European Standard and Chinese Standard. But the impact of reinforcement constrain on shrinkage and creep should not be neglected, which is an inevitable need to perfect the calculation models of shrinkage and creep. Some standards, such as ACI 209R, ACI 318 and Branson's formulas, consider the reinfocement having a combined effect on shrinkage and creep but not considering the effects of reinforcement on shrinkage and creep separately. In addition, the ACI 318 and Branson formulas, overestimate the affects of reinforcement on shrinkage and creep of concrete [1] . The calculated value of Su Qinghong's formula are close to the experimental data frow Wu Di, but still only the impact of reinforcement ratio is taken into account in these formulas, without consideration of time, concrete grade and eccentricity. H.Trost's formula is more comprehensive considering, such as concrete grade, reinforcement ratio, time, etc., and in a simpler form, but it is only applicable for reinforced concrete members of axial compression. [2, 3, 4] .
Three physical meaning is clearly defined in Hu Di's formula, and the calculation formulas are given out respectely, which is the reinforced influence coefficient on creep strain s k , the reinforced influence coefficient on creep curvature s λ , the reinforced influence coefficient on creep deflection or arch degree s γ [5, 6] . these formulas full considering of comprehensive factors are mainly used in reinforced concrete and prestressed concrete beams, but the form of which is very complex, especially the formula for calculating the degree of curvature and arch. It is not so practicable for engineering. Therefore, it is necessary to establish a set of relatively simple form formulas, which not only the main factors can be fully considered in, but also can be easily calculated.
Constraint influence coefficient of reinforcement applying on creep
The influence coefficient of reinforcement on creep strain is composed of two parts: The first part is from the constrained impact of reinforcement ratio and steel layout of the concrete cross-section on creep strain. The second part is from the constrained impact of prestressed tendons on creep strain in International Conference on Civil, Transportation and Environment (ICCTE 2016) consideration of stress relaxation. By calculated Hu Di's test study, it is found that the second part is much small than the first part. The impact of the second part on the result is less than 2%, and this value will be even smaller if the low relaxation strand in use. Therefore, the second part of the formula (item of prestressed relaxation effects) can be negligible, that is, without considering the effects of prestress relaxation. This is because the prestressed tendons ratio is generally low, and the constraint on creep is also very small. Then you can get that the simplified formula of cr s k , is the same of the influence coefficient on shrinkage strain ,
Similarly, due to the low reinforcement ratio of prestressed tendons (the impact on the value of cr s, λ is less than 2%), the stress relaxation of prestressed reinforcement is ignored. Then the formula of reinforced influence coefficient on creep curvature is simplified as the following form( Eq. 2):
(2)
In the above formula, the influence of three main factors are all taken into consideration, which is the concrete grade (elastic modulus), the total reinforcement ratio and the loading time. The lower grade of concrete, the smaller reinforcement ratio, the longer loading time all make an obvious influence of reinforced constraints on shrinkage and creep.
In theory, the curvature increment of each section of the beam is produced by the combined action of creep and shrinkage, but in fact, the shrinkage effect is generally not great enough to cause the deformation of the upper arch (or under deflection) of the beam. For the members subjected to symmetrical load, it can be considered that the arch degree (or deflection) of the beam is proportional to the variation of the sectional curvature. Therefore, for the sake of simplicity, it is considered that the constraint influence of reinforcement on the arch degree (or deflection) of the beam is the same as that of the cross section curvature, shown in Eq.3: (7)
For non prestressed and partially prestressed concrete members, the shrinkage effect may cause an overloaded tensile stress in some local, which can make cracks in the beam body. This means the concrete shrinkage have great influence on the stress of concrete. While, the effect of concrete shrinkage affected on deflection is mainly shown as the deformation along the length direction of the beam body, but not great enough to cause the upper arch or lower deflection of the beam. However, due to the constraint of beam end bearing and the temperature effect, the shrinkage deformation of concrete caused by concrete shrinkage is also very limited. In order to simplify the calculation, the influence of the reinforcement on the concrete shrinkage (arch degree or deflection) can be negligible, and the influence of reinforcement on the shrinkage curvature of cross section is also negligible. So we can get Eq. 8: 
Verification of the constraint influence coefficient of reinforcement
The curves in Fig.1 are the value of influence coefficient of reinfocement on the creep coefficient, according to Hu Di's experiment and calculation. In the calculation example, the prestressed concrete beams is of rectangular section, and the concrete grede is C50. The other parameters valued as follows: for ordinary steel strand σ α =5; prestressed reinforcement ratio 0.28% = 
Conclusions
Reinforcement constrains of reinforcement applying on concrete mainly depends on three factors: the grade of concrete (elastic modulus), section reinforcement and loading time. The simplified calculation formulas of three physical quantities are given respectively and verified in this paper, which considered the above three factors. The three physical quantities are the influence coefficient of reinforcement on creep strain, the influence coefficient of reinforcement on creep curvature, and the influence coefficient of reinforcement on the creep deflection.
